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I+ is my intention in this naper to explore the general considerations
that led to the design concepts incorporated into a planetary spacecraft.
The highly successful Mariner II spacecrart will be the example. A brief
description of Mariner II will be presented with a summary of its Venusian
flight history. In conclusion, some of the interesting engineering results

are described and discussed, 4j222;§Z$;/

MARTIER IT ACHIEVEMENTS

Tre value of an attitude stabilized spacecraft for the exploration of
space has been demonstrated by the Mariner II which was launched by tie
United States towards the planet Venus on August 27, 1962. One hundred and
nine d.ys later the spacecraft passed Venus, scanned the planet and sped on;
1ts du.y performed.

Turing its lifetime Mariner IT did the following:

Lo

It performed the first and most distant trajectory-correcting
raneuver in deep space, firing a rocket motor at the greatest
distance from the Earth: 1,492,000 miles (September &, 1962).

The spacecraft transmitted continuously for four months,
sending back to the Earth some 90 million bits of information
while using only 3 watts of transmitted power.

Useful telemetry measivrements were made at another record
distance from the Earth: 53.9 million miles (January 3, 1963).

Mariner II is the only spacecraft to operate in the immediate
vicinity of another planet and return useful scientific
information to Earth: approximately 21,598 miles from Venus.
(December 1k, 1962).

Measurements were made closest to the Sun: 65.3 million miles
avay (December 27, 1962).

forirer's communication system operated for the longest
continuous period in interplenetary space: 129 days
(August 27, 1962 to Jaruery 3, 1963).

Mariner achieved the longest continuous operation of a spacecraft
attitude-stabilization system in space, and at a greater distance
frcm the Earth than any nrevious spacecraft: 129 deoys

(August 27, 1962 to January 3, 1963), at 53.9 million miles

from the Earth.

_vailabla-to NASA Offices and
NASA-Comtors-Quly,
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Tne u::b.Lesu of a 5Spacecs must be considered as cu 1:‘“\.@. STeQ gyeTlenm
rather than as a coordinated ascemblage of subsystems. This is especially
necessary wnen the cost per pound of spacecraft is extremely high. Even
simple planetary goals require sophisticated and advanced technology of
diverse disciplines. The impulse available sets an upper bound to the
weight placed in orbit. The selection of the mission is, therefore, a
careful balance between the desire to extract the maximum result from what
is a tremendous technological effort and the allowable weight.
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It is possible to design spacecraft that are attitude free or partially
stabilized and still achieve some usefulness. Examples are the Vanguarc
(attiti. : free) and the Pioneer IV (spin stabilized). Vanguard hed a rela-
tively snort communication range. Pioneer IV carried its own power in the
form of batteries.

In order to maintain communications independent of attitude, the antoana
vaitern must be omni-directional. (How does one go about achieving a truly
cumi-directional pattern?) Assuming that we can produce an omni-directional
vattern let us proceed. Our ground-based station will be assumed to have a
threshold of -156 dom (decibels below one milliwatt) for 10 cps of data and
an antenna gain of 42 db. For Venus range this requires 120 watts radiated
from an omni-directional antenna to exceed this threshold.

2

Assuming a conversion efficiency of 10 per cent for the solar energy
to electricity, a 60 per cent conversion efficiency to achieve the proper
voltzze levels over a large solar constant variation, and a 50 per cent
over-211 transmitter efficiency, we recuire 1.43 meters@ of the effective
surface at the Venusian range from the Sun.

This requires & spherical surface of 5.75 meters? or a diameter of
1.35 meters completely covered with cells. A configuration such as this
assuing emissivity of .9 would heat up to a temperature of 5000F et Venus.
Zardly a suitable environment. This is true if the sphere is conduciing
perfectly. Surely we would prefer a benevolent temperature of around TOCF.

S0 we desire some means ¢f keeping the heat from the solar cells out
of tze instrumentation ccmpartzent. The configuration shown in Figure 1
starts to satlsfy our reguirements.

£ slight droop of the solar panels would place the center of solar
wressure behind the center ¢f gravity and the system would lie stable
towards the Sun. This would require no active attitude control if cue
could zchieve damping. We still must radiate 120 watts omni-directionally.
Soler oriented power systems weigh about two pounds per rezuiated watt.
Covicusly an antenna capable of directing the energy to earth would zlieviate
our weight problem. The guestion is whether or not this directional citenna
and. its associated control eguipment is superior to a simpler yet heavier
systen. :



The Mariner IT attitude control system weighed 53 pounds. However,
excludir._ wower, it requirec additional support from the rest of the system

- - Y Y~ -+~
gnd hag an allocatable wai ”}‘t of ﬁ!: ‘OC“”lds. The powerT DJav:m can oe raved

et about wwo pounds per watt of regula*ed power. Thus the attitude control
system is the equivalent of 106 regulated or about 53 radiated watts.

Figure 2 illustrates how quickly weight is saved with an attitude control
system.

n acdition to the initizl considerable weight saving:

1. 7Tt is necessary to be looking at the planet during fly-by in
order to make a direct observation.

2. It is necessary to make a turn-axis maneuver in order to connect
sz both miss distance and time of arrival. This requires a
knowledge of the initial attitude.

3. The directionality of cosmic phenomena is desired. Therefore,
w.e spacecraft attitude must be known.

Thmese requirements can be met by three-axis attituce stabilization.

Prrysically we were limited to a L-foot diameter antenna on Mariner II
and ralicced 3 watts. This provides our margin in the communication system.
These nuubers are not precise but shculd serve to illustrate the point.

Z believe that it is shown that for Venus, attitude coutrocl provides
t*em*“~ous benefits. The majority of the weight of the attituae control
systen is in equipment that is independent of the range from the Earth or
time of flight. The variable dependent upon time of flight and range are
the cquantity of gas carried and the sensitivity of the earth seeker. By
increzsing the gas capacity and the earth seeker sensitivity the range can
e increased.

Lx. Forney is presenting a detailed description of the Mariner II
ettitude control system at this meeting. I will therefore leave this
subject and proceed to describe the over-all machine.
SOANTIAT oV
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stzcecraft is an attitude stabilized craft using the Sun and . .
Zarth as references. Figure 1, 2 and 3. The Sun is also usc.. as the nzjor
source of vower through the use cf solar cells. A rechargeable battery
furnishes :ower whenever the panels cannot be oriented towards the Sun.

Such pericds are during launch, initial Sun acquisition and midcourse maneuver,

The Zarth reference is used to direct an RF beam back to the Earth in
o*de" to achieve telemetry from the planet dlstances.
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The machine is capable of g maneuver in space if required to correct
the trajectory. The magnitude of the correction is limited by the allowable
fuel weight. The accuracy of the correction is limited by the
stability of the gyro control system zud ovhe accuracy of the motor shutold.

Communications is two way in the region of 960 MC utilizing phase
locked technigues. The RF carrier can be used in a one-way mode, from
spacecraft to Earth. However, accurate dopvler can be realized by using
the two-way capability. The system is so arranged that commands can be
transmitted from the Earth as needed. We used eleven real time commands
in the system and three stored commands.

Te_emetry is digital in form. This allows what is virtually a comjpletely
utomated “ata handling system. If required it is possible to place the data
in the nands of the engineer or scientist within one-half hour after trans-
nission Irom the spacecraft. 4 deficilency in our system, due to limited weight,
is the Lgow band width available to us that prevents the direct transmission
in analog from some obviously desirable functions. For example, midcourse
motor ignition and cutoff data would be of considerable interest. Table I
lists the Mariner II engineering telemeliry capability.

(4]
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—zcepc for the midcourse maneuver, the machine is designed to be
independent of the command system. The commands are in most cases recundant
with mormal progremmed functions. The normal functions are handled by our
central computer and segquencer or CC&S. This includes such normal/abnormal
conditions such as a meteoritic impact perturbing the attitude.

The midcourse motor is a nonopropellant type using anhydrous hydrazine.
A system of regulated high pressure nitrogen supplies a near constant thrust.
At present the system is designed for a single operation.

The scientific instrument package is grossly divided into two areas of
interest. One is the planetary data and the other the interplanetary data.
208t of the interplanetary data is of interest in the vicinity of the planet,
also. However, the microwave and infrared radiometer are not exercised,
except in a calibrate sequence, other than during planetary encounter,

Tae greatest consumer of power is the communications system. Even with
our abilivy to detect signals of the level of 10'19 watts, the question of
RF energzy on board the spacecrait and its attendant antenna system primarily \
govern not only the weight of the spacecraft but also its configuration.

The spacecraft configuration must take into account the lock or anzular
accessinility external to the spacecraft. Tt is unfortunate thet a device
that will spend its functional lifetime in a gravity free and unconfized
envircrment must be designed to withstand the confinement and pumeling
Irposed by the launch vehicle,
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The ajor competitors for look angle are the solar pancls, the high-

ain enienna, the scientific instruments, the midcourse rocket motor, and

e sc-called cmni-sntenna. The First four are the obvious. The les. is |

"% of our present design vhilosovny. This “omni” patzyrn allows us !
ve telemetry prior to attitude acquisition. Also part of this i

rectionel coverage is cur desire to be able to send commands to the

-pacecraft independent of the attitude.
On Mariner II "omni" system this consisted of two antenna systems,
one for telemetry and a set of recelving antennae.

The solar panels on Mariner R were 27 feet2 and contained 9,800 soler o
cells. They were sized to supply the power a minimum of 148 wotts at Zerth. 7
The powver estimates were modified afiter the design was well under way arnd
this _onel had been constructed. Later data on susceptibility of N on P
~olar cells to radiation ralised the concera that a major solar flare covd /-
degrade perZormance to an intolerable level, The additional tip as seen in ‘
Figure 3 was added to increase our confidence that we would have sufficient &\ |
nover at the planet., The other panel was tipped with a section of rubberized
dacron so that the solar pressure would be balanced,

The scientific accompl¢sn“~nts of the dariner II have been extensively
repc:r-sel., The engineering aspect has received lesser attention by the

pub. .. BSince this paper is presented to what is primarily an engineering
conference, 1 will concentrate on the engincering results and refer the
reader to the availlable literature for the scientific aspects,

I will quickly review the entire Iflight history and then summarize the
wverfc pance of tie individual subsystems

ZTLICG.C ZISTORY

Launch of the Mariner R spacecrait atop an Atlas Agena vehicle to;;\\ .
place on August 27, 1962, 6 hours 26 minutes and 13.927 seconds GIT, (.
26 minutes and 3.08 seconds later injection occurred. This initiated the ifﬁr/
most successful planetary spacecraft Ilight thus far by the United Suguvg.} Y

[y

Uson separation all evenis regulred were commanded and performed in kah¢p
.\

7

P

' the nredicted manner. Data from the gyros indicated a tumbling rate upcny
separation of plus 675° ver hour in pitch and minus H00° per hour ir roil.

s
Yew was saturated and, thercfore, can only be noted as exceeding 18000 per(/ -
hour. Acquisition of the Sun ves achieved within five minutes after the, -
CC&S issued the command. : i
.; (}S{/‘W’)\‘A ;‘\
PN
oW



ct
)y &
I
0
8
ct
P

Alrican slation during this period of tumbling. The
cleared when tuxbling ceased.

Come difficulty was experienced in acquiring RF lock from
= t
(98

Upon Sun acevisition the power available exceeded our initial predic-
ion with a surplus of about U3 wetts.

A significant abnormality was noted at this time. The indication was
that the earth sensor temperature was high by about 30°F.

On the 29th of August the command to turn on cruise science was sent -
and the bit rate weas char_2d from 33 to 8-1/3 bits per second and remained
at this rate for the remainder of the mission as planned.

A1 scientific instruments opereied satisfactorily. Of considerable
interesc was the calibretion in space of the magnetometer., Prior to Earth
acquisition the spacecraft is free to roll. This allowed an accurate
method of subtracting the spacecraft perm or magnetic field in the X and ¥
axis.

Trne ettitude control system at this time was using about .025 pouvnds
ol gas per day. The roll rate vas at 1.6 degrees per minute; this roil
rate rose to 1l.2 degrees per ninute by the time of Barth acquisition.
It is believed that this was due to the naturally small leaksge in the roll
velves. However, it was well within the specification.
Zzrth acquisition was performed sutomatically by CC&S command at about
0530 C4T on September 3, 1962. 4£11 events were normal except that the
system switched to the high-gain antenna immediately instead of waiting
until Larth acquisition. Based upon the roll rate and the time it took
for acquisition to actually occur it appears quite probable that the Earth
was imaged on the sensor when tura on cccurred. This switched the high-
gain antenna on, but the roll rate was too high and the system overshot the
target. It then rolled about at the rate set by the gyro system and acquired
the Zarth the next time around. In the meantime, several dozen cardiac cases
develoned as the signal level from the spacecraft dropped as the antenna beam
swung avay from the Earth. You could track the signal level return by the
change in complexion of the observers.,

Ar. abnormality was then noted. The earth sensor telemetry indicated &
~Zzht intensity much lower than predicted. It was suspected that the
sensor had locked onto the Moon. However, the antenna hinge angle indicated
propesy for the Earth-Probe-Sun angle. Thus the dilemma was presented to
our Sypace Flight Operations:

1. Was the censor locked onto the Moon thereby giving us ca

incorrect initial condition for the midcourse maneuver?



2. Was the eartn sensor bad?

3. Was the telemetry incorrect?

L. Was the antenna hinge angle sensor stuck?
O (=)

Because of this dilemms the midcourse maneuver was delayed one day.
On the next day by ovserving the normal performance of the high-gain
anteina and the lioon-Probe-Sun angle it was agreed that the earth lock
was correct and that an abnormality existed in the earth sensor.

On September 4, 1962, the spacecraft midcou. se maneuver was commanded
to correct the 400,000 km planetary miss. The spacecraft was commanded
to roll 9.33 degrees and then pitch 139.85 degrees and then to insert a
velocity of 31.16 meters per second. At 3:49 P.M. the execute command was
sent. The sequence then proceeded as expected; reacquired the Sun and
then the Earth. Again the high-gain antenna was automaticalliy switched
prexzaturely.

e midcourse performance was high in velocity by about 4.5 per cent
witn acout & 3 degree pointing error. The correction was quite satisfactory
as illustrated in Figure 4.

There was heal transient greater than predicted and the battery case
heated to its maximum upper limit of 1209F. The thermal control louvers
openzd to their maximum. It is certainly fortunate a longer burn time
was not required for the maneuver.

Cn September 8, 1962 at about 1250 GMI', there was a momentary loss of
Sun. This is believed due to a small meteoritic impact. The spaceccaft
quicidly recovered and proceeded in its normal cruise mode.

Normal except for the very unhappy earth sensor situation. Based upon
the telemetry data it was predicted that earth lock would be lost bebween
the 10th and 15th of October.

- emergency plan of action was evolved that might have salvaged the
mission. )

I say'might have,' because on September 29, 1962 what might have been
a reteoritic impact occurred. The spacecraft initiated its recovery
sequency and when the cosmic dust had cleared the earth seeker intens.ty
telemetry indicated the proper value. (Figure 6)

As ny housewife knows a few bangs will make any electronic device
work projerly.

C.. October 31 telemevry indicated a problem in the no ' sysie.. The
dicznosis indicated a short circuit in one of the soler paucis. This siort
circuit drew sufficient current to cause concern that the power aval_.blie
would be exceed:d and require support from the battery. A command was sent

rom ouwr Goldstone Tracking Station to turn off the scientific instrizments.

3
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ZI_ % cdays later the short circuit cleared itself and the scientilii
inst-ur nots were cormanded 0 fturn on 2ozin O Novesher 15 the troutle
, is were cormanded to turn on zgzin., Oz Noveshe
cppeered agoln.  However, Dy this time the solar constant nad increacsed

R

Gue wo the closer preximity to the Sun and one panel was suificieant to
supply all the pover needed by the spacecrarft.

Ca Decc ber 9 we lost four telemetry measurements. These were the
hizh- 1. aﬁue”na hinge positicn, the midcourse motor propellant ta. 'z
prescsure, the midcourse motor pressure, and the attitude control niirocgen
pressurs. Tals was dlagnosed as a blown fuse in our éata encoder. The
midcourse motor ta did not disturb us since the maneuver had already
beer peritri..... The attitude gas supply at last measuremen:t indicated a
reserve suiricient for 100 days.

C.. ccember 12, just two days prior to encounter. the central computer
end seguencoer railed to issue the 155th and all follow1n; cyclic pulses.,
The CCLS wus designed, among other .unctions to provide a timing pulse or
cyciic update every 1000 minutes to the atiitude control subsystem to
upd.-te the antenna reference hinge angle. This reference is used by the
high-zain antenna if the eartlh sensor should lose lock.

On December 14 the CC&S vas also nrogrammed to switch on the zzncounter
sequence twelve hLours prior to encounter in order to allow sufficient time
for calibration of the. planetary scientific instruients. This event did
not ocecur and was attributed to the same failure noted two days earlier.

Forewarned, the backup command was ready and transaitted. The space-
crait rosponced properly. Engineering telemetry was turned orf and the
planetery experiments, microwave radicmetey and infrared radicmeter were
turned on.

e scan performed well. The pattern achieved is shown in Figure 5.

e spacecraft signal was received until January 3, 1963. At 0512 GMT
the sibcarrier data was lost. At 0700 GMT the carrier was lost and the
mission was considered as terminated.

~t is our belief that the earth seeker sensitivity was e ceed.’ =:xd
e gyros turned on in a vain attempt to reacquire. This was _ainte....d
until the gas supply was depleted. The Mariner II is now & space dereiict.

TLIRZEG RESULTS

-2e more interesting enginecering results are presented Ly subsysti._ois.
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Structure

_ae primary purpose of a spacecraft struclure is to support 2ll
susystens in an optimum configuration. In addition, the spacecr.it
tructure must be designed to be compatible and function properly
with the bocster. This includes separation, shroud clearance, and

environment survival.

The configuration appears to have been adequate. The spucecraft
over-all performence seems to indicate no structural failures.

Demmerature Control

Prior to launch the environment was maintained within the shroud
TOOF. Thne spacecraft temperature at launch was 109°r. Two hours
¢ .2r liunch the temperatures dropped slowly. Eight hours after
lzunch the temperatures had stabilized within the hexagonal inst crument
coupartment to an average of 8LCF.

Temperatures remained essentially constant from this time until
sdcouse maneuver. Ao this time, due to increased internal power,
.. significant heat input from the propulsion system, and & loss of
Su. orientation required by the meneuver, the spacecraft hex experienced .
& Z20CF average rise. Within ten hours after the maneuver, the tempera-
tures returned to their pre-midcourse maneuver values. The maximum
c2d minimum te.seratures measured during the maneuver were 130°F on the
rotor nitrozen tank and T2°F orn the upper thermal shield.

Temperciure then increased steadily until October 31 when the
science i.str.ments were commanded off to accommodate the solar panel
oroblem. Te.gperatures dropped about SOF when the power dissipated in
the coupartment decreased by l1l2.5 watlts.

CL

D
Lizht hours after cruise, science was reactivated and the tempera-
tures rose to their previous values.

Tempe.itures were not telemetered during the excounter mode, but
toaperatures Lecasured before and after encounter were cer.cared to
Cetersine tize thermal influence of Venus on the sp 'CeCfuIv. Botn the
T ttery and the povwer assembly indicated a 2OF -ise when the cruise

v.ode was resuzed. Both of thes= assemblies faced Verus during encounter,
4

4. .

“ut part of the temperature risc resulted from izcrelsed internc_ _over.

In zenzril, the temperatures were higher th 2 »redicted. Texpera-
T.res roar Zerth exceeded e 'p ectations by as much .3 40%7; those necr
cneounter were as much as 759F higher. The only monitored temperiiures
“:2t behaved as expected were the solar panels. The predicted and
wsesured temperatures are shown in Figure 6.

)



The probzble sources of error are as Iollows:

(¢} Crcater than expected pover dissipation although there
does not appear o be a great disparity between expected
and actual pover dissipation.

{., <72 fact that the temperature rise between Earth and

Venus was substantially higher than expected, su. zests
whet excessive solar inputs were partially to blame.
Thece inputs could have been caused Ty one ¢ all of
three of the following (1) The energy reiiccted from
the various structural members was greater thon anticl-
pated, {2) conduction frem structural members was great.r
taan exnected and (3) degradation of the wi.te paint cnd
ugner thermal shield because of ultraviolet Irradiatica
may have caused an increase of sclar absorvbability.

(¢) Tie emissivity may have been lowered by contemination c.
tae surface.

(&) Errors in testing which were performed w;th heating pads.
This could have caused local "“hot spots” which would
ratiate more besat them exgected.

Z5 general the design was adequate.

T-.z louvers verformed well, decreasing the average compariment
excursion by 12°- lEOF.

tal
\

Cemtral Commuter and Sequencer:

Corpputation for the subsystems issuance of commends, and tae basic
timing is sugpplied by the CC&S.

Tts perfermance during leunch end initial crulse w s Ilewrless. The
L _dcourse L seuver hed an error thet might possibly hev. Seen ¢ el
ot all of the pulses :rou the di gital accelerometer pellz ccu;;ei as it
~ B
(=9 V]

v
b
e

There was an error in the CC&S frequency that is correlated to the
crange in temperature.

As as noted prev10ley the cyclic failed two days »nrior ©o encounter.
™e feilure apoeared to be in the frequency counter chal.. and was probably
w2 to the hiy. temperatures.

Moo Gem
This erea is coou. & in detail by Mr. Forney's paper, .orIner Iz
Attitude Counwod Eys:em}” also presented at this confere;ce. “nerefore,
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Loe fuacielon of the pover sysiem is to provide a central supply

cf electrical energy to cperate the equipment on board the spacecralt.
2e bettery supplies power for the neriods during which the attitude .
tovards the Sun is deliberately or accidentally disturbed.

erforr.zce of the povwer system was gool except for those events
;r;v;ously noted where the ailures can possibly te correlated with
soze exterrnal influence.

The attached Figure T shows the drain upon the boiter - as a
Tunctic: of time. Since the battery provides power when the panel
cilzelwy 1s exceeded, iv clearl shows thot it was not c.lled upon
for ....ort alter the event of Septerber 8. Tigure 8 shows the _ower
railicioo to the spacecraft during encounter and the actual loci.

Tle rargin of safely was quite adeguate even if one assumes & 20 per cent
Gepraistion due to solar proton activity.

cooolsion Subavstenm

“he function of the Mzriner II midcourse propulsion subsysiel is
To0 reluce the dispersica at injection due to the launch vehicle.

Prior to the required maneuver, the vpropellant tank nressure n2ii-
tiined .. rising characteristic which had been noted pri.: to launc...
This ¢..zars to have been due to hydrazine decompositios resulting fron
Loz 2111ty with the expulsion bladder containing the propellint.
Tals resuwited in a non-standard start transient. However, no difiiculties
were realized s a result of this transient.

For the zidcourse mansuver a velocity increment of 31.16 meters
sor second was required and commended. With a spacecraft of 447.67
counds this is a predicted burn time of 28.3 seconds (this includes
sterting sequence). The doppler shift data roughly verified this
oredictioxn.

- estiz te of the velocity increment based upon nitrogen and
Drogelils v tarll pressures and temseratures was calculated. Ezsced upon
tolg tencaetry data, a velocity increment of 37.5 meters per second was
coiculated. Tanis 20 per cent discrepancy is well within the accuracy
cl tne computation and does not necessarily indicate an error in the

c..ccution of tie maneuver.

= - Subsystan

The ;::ﬁUQv of the spicecrait razdio frecuency system 1: 10 cL..crentl
& oase moduleted .Lgnal trencmitied Jocm on Barth-located ur;“;-

ZoTTer eni to wraasmit back to Zirth a phase modulated s L waich i

zlther coizrent with the received signal or &erived from o orysi. L coaw

T

crollied oscillitor
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Trhe IT sussystenm operatec noriizlly through the entire oo
Telz 2try indicoied a drop of transnitied power of & Zut
&ron ¢ the automatic gain voliage of zboul 0.2 volts d.c. 2Zoth of
thec: .re L

i cement with a temperature increase of from 85°F near
Ear... to 152°F =zt Venus encounter.

a gocd wrreemest well witnin the tolerance. Figure 9 shows tie signal
strenzeh caloulated for the Wocuera Station and the measurcd result.

¢ 2lso shovw: the calculated signal for the spacacraft receiver cnd
the t.lermetered value.

rissca of the actuzl and theoretical receivel siznzl shows

The commm-d system performed flawlessly and providel functiona’
radunisiuy. LS nos been noted previocusly these were indispensadle in

the sucecess of Mariner iI.
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